Early assessment of response to chemotherapy with fluorine-18 fluorodeoxyglucose positron emission tomography (FDG-PET) is becoming a routine part of management in patients with Hodgkin lymphoma (HL) and histologically aggressive non-Hodgkin lymphoma (NHL). Changes in FDG uptake can occur soon after the initiation of therapy and they precede changes in tumour volume. Recent studies in uniform populations of aggressive lymphomas (predominantly diffuse large B cell lymphomas) and HL have clarified the value of early response assessment with PET. These trials show that PET imaging after 23 chemotherapy cycles is far superior to CT-based imaging in predicting progression-free survival and can be at least as reliable as definitive response assessment at the end of therapy. This information is of great potential value to patients, but oncologists should be cautious in the use of early PET response in determining choice of therapy until some critical questions are answered. These include: When is the best time to use PET for response assessment? What is the best methodology, visual or quantitative? (For HL at least, visual reading appears superior to an SUV-based assessment). Can early responders be cured with less intensive therapy? Will survival be better for patients treated more intensively because they have a poor interim metabolic response? In the future, early PET will be crucial in developing response-adapted therapy but without further carefully designed clinical trials, oncologists will remain uncertain how best to use this new information.
Introduction

Current treatment strategies for lymphoma
Hodgkin lymphoma (HL) and the non-Hodgkin lymphomas (NHL) represent a diverse group of neoplasms [1] that include some of the most treatment-responsive cancers currently known. More than 80% of patients with HL can be cured with current chemotherapy, radiation therapy (RT) or combined modality therapy regimens [2] and many patients with aggressive types of NHL can now be cured with appropriate intensive therapy [3] . Recent advances, including the use of monoclonal antibodybased therapies for B cell lymphomas [4] and the more widespread use of early high dose chemotherapy and haematopoietic stem-cell transplantation for patients who have failed initial therapy [5] , have significantly improved the results of treatment for patients with lymphoma. Despite these therapeutic advances in HL and aggressive NHL that have increased cure rates, the intention of treatment in most cases of advanced stage low-grade NHL is induction of remission of disease rather than cure because of the high rate of relapse after systemic therapy for this disease. However, treatment with anti-CD-20 antibody therapy (Rituximab) is at last showing that survival in advanced low grade follicular lymphoma can be improved by better systemic therapy [6] . Curative therapy in HL and aggressive NHL involves the use of intensive cytotoxic chemotherapy in the great majority of patients. The overall treatment strategy, the type of chemotherapy to be used and the need for RT is usually determined prior to starting therapy using a range of prognostic factors specific for the type of lymphoma in question. In HL, the EORTC criteria are helpful in determining treatment choice in early stage disease [7] and the Hasenclever index is useful for advanced disease [8] . In aggressive NHL the International Prognostic Index (IPI) helps to determine treatment choice [9] . Patients with early-stage HL routinely receive involved-field RT in addition to limited chemotherapy and patients with advanced HL may receive RT to sites of bulky disease or to residual masses after completion of intensive chemotherapy [10] . In aggressive lymphomas, intensive chemotherapy, often combined with immunotherapy using a monoclonal antibody [11] , is the most important component of therapy. Consolidative RT is often used in early stage diffuse large B cell lymphomas (DLBCL) and in cases with initially bulky tumours (variously defined as masses greater than 510 cm in diameter) or residual masses after completion of chemotherapy. RT is now used infrequently as the sole potentially curative therapy in HL or aggressive NHL but remains the standard treatment in early stage follicular lymphoma [12] . Because patients with aggressive NHL and with HL are commonly cured, there is an increasing emphasis on attaining long-term survival with the least acute and late toxicity from chemotherapy and RT. Acute and subacute toxicities of chemotherapy include myelosuppression, neuropathy, pulmonary fibrosis and cardiac damage. Later effects include risks of myelodysplasia and leukaemia, especially in patients treated with alkylating agents. RT can cause mucositis and xerostomia and can significantly increase the risks of second cancers, especially solid tumours including thyroid and breast carcinoma. For these reasons, when cure is the aim, it is desirable to treat patients with the least-toxic therapy that will achieve a durable complete remission of disease. That could mean limiting the number of cycles of chemotherapy to the optimum number for each individual patient and restricting the use of RT to those most likely to benefit from it. On the other hand, for those patients with more resistant disease it is important that ineffective therapy should be identified promptly and changed and that those patients who will ultimately need high-dose chemotherapy and stem-cell transplantation are identified as early as possible.
Potential role of early response assessment in lymphoma
Although treatment intensity in HL and NHL is determined to a significant degree by baseline prognostic indices of groups of apparently similar patients, it is likely that many individual patients are over-treated and receive more chemotherapy and RT than the minimum needed to attain cure. Similarly, many patients, especially those with advanced disease, receive initial treatment that is insufficient to induce a durable remission. The introduction of response-adapted therapy has been frustrated by the fairly crude methods previously available for assessment of early treatment response. However, there are now limited data suggesting that even with conventional imaging some useful information can be obtained [13] . If it were feasible to identify patients with a favourable response at an early stage in therapy, then it is possible that less intensive treatment than used in standard therapy would be sufficient to attain cure. Alternatively, if patients with a poor early response were identified, then steps could be taken to institute more intensive therapy at an early stage, before many more cycles of ineffective therapy were delivered, thereby minimizing unwarranted toxicity. The earlier a reliable response assessment could be made, the better.
Standard methods for response assessment
The first widely-used standard response categories for HL in the era of CT imaging were those of the Cotswolds criteria [14] . In NHL the International Workshop Response criteria are the most commonly used [15] . These standard definitions of treatment response are based on changes in lesion dimensions with time. Curative treatment in lymphoma is initially directed toward attaining a remission, either complete remission (CR) in which there is no residual radiologic abnormality at any site of disease or complete remission unconfirmed (CR U ) in which the sum of the diameters of tumour masses is reduced by 475% and any residual mass lesion remains stable or continues to regress for at least 1 month, or previously enlarged lymph nodes reduce in size to no more than 1.5 cm in transverse diameter. The CR U category reflects the fact that many patients with cured HL or DLBCL have residual mass lesions on completion of therapy. This is especially true of patients with HL who present with bulky mediastinal masses [16] . Only biopsy or subsequent evidence of disease progression can determine if residual masses contain active disease. Upon attainment of CR or CR U , treatment will often be continued for several further cycles of chemotherapy before ceasing and patients with CR U often receive RT to the residual masses, depending on the clinical situation.
Conventional assessment at, or near, the end of therapy is dichotomous with either CR/CR U or not CR/CR U . Less than CR/CR U at the end of a planned course of curative therapy usually is taken to mean that treatment has been unsuccessful and further therapy is needed. There are significant problems with the use of structural imaging for response assessment in lymphoma. They include the following: CT does not detect residual disease in normal sized nodes; patients with a residual mass after therapy may not have persistent disease (and biopsy may be false negative due to sampling error); serial CT scans may be required to evaluate residual masses, thereby delaying salvage therapy if there is truly active residual disease; there may be insufficient contrast between lymphoma and normal tissue at extranodal sites (e.g. salivary gland, bowel, liver, spleen [17] ) to visualize disease.
When structural imaging is used to provide an early or interim assessment of treatment response, its value is limited by the slow rate of change of volume of many mass lesions as well as by the other limitations just described. CT assessment of bulky masses of HL and DLBCL after just one or two cycles of chemotherapy may show some tumour shrinkage but response is usually incomplete at that stage, especially in larger tumours. Such assessments are of limited value, although patients with a very poor treatment response or progressive disease may be identified early. Maximum prognostic value accuracy is obtained from structural imaging performed around the end of therapy, when tumours in responding patients have had sufficient time to reduce in volume.
Role of PET in early response assessment in lymphoma
Rationale for use of PET in response assessment
Most lymphomas have increased glucose utilization and are readily imaged using FDG, currently the radiopharmaceutical of choice for PET [18] . There is already a considerable literature on the use of FDG-PET in primary staging of HL [19] and NHL [20] , clearly showing that PET adds to the sensitivity, specificity and overall accuracy in determining gross disease extent. Despite early suggestions that FDG-PET might not be useful in low grade NHL, more recent reports indicate that PET imaging adds significantly to the accuracy of staging in low grade follicular and other indolent histologies [21] , although assessment of very indolent lymphoma may be limited by low FDG avidity. Intensity of FDG uptake in lymphoma is somewhat related to histological grade [22] . Higher levels of standardized uptake value (SUV) are typically observed in more aggressive NHL compared to lower grade NHL [23] , although there is significant overlap of SUV levels between different grades of lymphoma. Morphological abnormality is not a requirement for diagnosis of disease involvement by PET and indeed, high uptake in structures of normal size increases the suspicion of involvement (Fig. 1) . Detection of an especially FDG-avid lesion in the setting of documented low-grade NHL should raise the possibility of histological transformation to a higher grade lymphoma.
Before PET became available, planar and single photon emission computed tomography imaging with gallium-67 citrate (Ga-67 SPECT) was the most widely used functional imaging modality in lymphoma [24] . PET is rapidly displacing Ga-67 SPECT for staging lymphoma because of its very considerable advantages. Although there are limited comparative data, PET appears to be both more sensitive and more specific than Ga-67 SPECT for staging in lymphoma [25, 26] , and in both NHL and HL [27] . PET also appears to have more potential in treatment response assessment [28] . PET provides higher resolution images that are easier to interpret than Ga-67 SPECT and PET/CT fused images provide the best combination of structural and functional information currently available. PET is much speedier than a meticulous Ga-67 SPECT study and therefore more practical in situations where treatment decisions need to be made quickly. The cumulative radiation exposure from PET is less than from high-dose Ga-67 SPECT. This is of particular importance in pregnancy. Low-grade lymphomas usually have low gallium avidity and this limits the use of Ga-67 SPECT for both staging and the assessment of treatment response.
Response assessment methodology and terminology
Therapeutic response information provided by PET is more complex than that provided by structural imaging and researchers continue to search for the best way to use it. Uptake of FDG in lymphoma is influenced by many different biological factors, including substrate utilization, tumour perfusion [29] , effects of hypoxia [30] and apoptosis, the viable cell fraction [31] , the extent of inflammatory cell infiltrate (for example, in HL only 1% of cells may be tumour, the rest inflammatory) and oncogene expression [32] . It is sometimes forgotten that FDG-PET is a glucose scan and not a cancer scan. Acute effects on cellular metabolism may not necessarily be reflective of the residual viable cell fraction and therefore the timing of the PET scan in relation to factors that influence the tumour cell metabolism could prove to be crucial. It is likely that the results of scanning very soon after chemotherapy is administered are primarily influenced by changes in cellular metabolism but may also reflect rapid apoptotic cell death. Scans at later timepoints, when more cell killing has occurred if treatment is effective, and when metabolic toxins have been eliminated, are likely to reflect predominantly the cytotoxic effects of therapy and the number of residual viable cells. Therefore, scan timing in relation to the administration of the drugs in each cycle, and the number of cycles after which the early response assessment is made, may both be important.
Whereas CT provides information only on tumour dimensions, PET/CT scanning allows the investigator to visualize and measure the intensity of residual metabolic activity within a lesion as well as estimating its size (Fig. 2) . For lesions that are well-demarcated on CT, tumour volume assessment is more accurate when performed by CT than PET alone. For very intense lesions, spillover of activity into adjacent voxels can make them appear larger than they are. Conversely, in lesions within regions of high background activity or in small lesions, tumour size may be underestimated because of partial volume effects. Importantly, for lesions that are not seen at all on CT, the less well-defined PET images may provide the only indication of tumour size. The feature that really distinguishes PET from structural imaging is its ability to integrate the effects of residual tumour volume and residual tumour metabolic activity into a single response assessment. The best methodology for determining early PET response has not yet been established but there are two main approaches.
Visual/qualitative methods
In lymphoma, most published clinical response data have been based on a visual estimate of response. In these studies, the authors have used absence of metabolic activity in a lesion, or reduction in intensity to no more than that contained in the blood pool, to denote a complete response. Due to the potential for this to be confused with a complete clinical or radiological response, we prefer to use the nomenclature of a complete metabolic response (CMR) for those with a normal PET scan following treatment. In most studies patients were separated into just two visual response categories, those with and those without PET evidence of persistent lymphoma (CMR and non-CMR). Mikhaeel and colleagues added a refinement to these categories by incorporating the category of MRU or minimal residual uptake to denote those difficult cases in which there was low level residual uptake in a lesion that would otherwise be considered to have responded completely [33] . Their recent publication, discussed in more detail below, suggests that the MRU category really represents an excellent partial response and carries a much worse prognosis than a CR, particularly in aggressive lymphoma.
When we analyzed our own prospective data on PET response in lung cancer, there were no published guidelines for qualitative PET response and we therefore developed and reported our own simple visual assessment system, including a PET CR category as defined above [34] . We also included separate categories of PET PR and PET progressive disease (PD) and found that these had profound prognostic significance. Because of its superior prognostic stratification compared to conventional response, we suggest that it is appropriate to designate those evaluations of response based on PET by the term metabolic response. A PET CR then becomes complete metabolic response or CMR, distinguishing it from the less reliable structural response assessment. This nomenclature is also applicable to lymphoma.
Semiquantitative or SUV-based methods
Although many lymphoma patients will have complete responses after 23 cycles of chemotherapy, it is possible Figure 2 PET/CT offers the ability to assess both the metabolic and structural characteristics of a tumoral mass and can also metabolically guide biopsy of heterogeneous masses to increase the likelihood of diagnostic pathological results. In this patient with a partial radiological response, PET demonstrated a sustained complete metabolic response.
that a very early quantitative measurement of metabolic response could provide valuable prognostic information, perhaps after only one cycle of chemotherapy or even after just one day [35] . If assessment is performed before a majority of patients have attained a CMR, then the presence of, or quality of the PMR attained could be of prognostic significance. There are very many potential methods for quantitative assessment of response to chemotherapy based on PET [36, 37] . None of the more complex methods has been widely adopted and the only parameter with widespread acceptance as a measure of lesion intensity is the SUV, most commonly SUV max . This is derived from tissue activity at a single point in time and uses the voxel, or cluster of voxels with highest lesion activity. This analysis is not dependent on acquisition of dynamic information of the type required for kinetic modelling approaches. SUV measurement is affected by a variable time between injection and scan, by variation in time to equilibrium and by variation in uptake curve slope before and after therapy. Additionally it may be affected by blood glucose concentration, differs if weight or body surface area is used as a correction factor and may not give the same results if different scanners used. Additionally, inflammatory reactions (infection, radiation) in normal tissues may produce SUV in malignant range (SUV 42.5). However, the absolute accuracy of the SUV measurement may not be a confounding factor in assessment of treatment response using FDG-PET if the pre-and post-treatment scans are performed on the same scanner under identical conditions. So far, no large trial using SUV criteria to measure early response has been performed in a uniform cohort of NHL patients but some data exist for HL. The most authoritative SUV-based response criteria are currently those proposed by the EORTC [38] . A simplified method for measuring the metabolic rate of glucose has shown promise in assessment of response to chemotherapy in lung cancer and could have applicability in lymphoma [39] .
Studies of early PET response assessment in patients with mixed lymphoma populations
Soon after clinical PET first became available, its potential value for staging and restaging of lymphoma was apparent [40] . Accumulating evidence has shown that PET at the end of therapy adds significantly to the accuracy of measurement of the overall success of treatment. These studies have involved patients with HL alone [4143] , NHL alone [44, 45] , and mixed populations of HL and NHL [16, 4650] . The presence of residual FDG uptake at sites of prior disease at the conclusion of treatment has a very high positive predictive value for future disease progression in the absence of further therapy (490%), although it is also clear that the potential confounding factors of inflammatory disorders, including infection, and radiation-induced FDG accumulation in normal tissues need to be considered. We have also noted that persisting metabolic abnormality can be associated with sites of focal bone involvement, probably reflecting bone healing. We now discount these abnormalities when all soft tissue sites of disease have had a CMR. While attainment of a CMR at the end of systemic therapy is a powerful positive prognostic factor, it does not guarantee that a cure has been attained, nor does it imply that further treatment, such as consolidative RT, should be withheld (Fig. 3) . Because most patients with lymphoma attain a CMR at the end of initial therapy, it was suggested that an earlier response assessment would have greater power to discriminate between high-and lowrisk patients and that the rate of attainment of response could also be a prognostic factor.
Earlier studies of PET for interim and definitive response assessment in lymphoma [13, 5154] necessarily included diverse histological types of NHL and often also Figure 3 Despite evidence that a complete metabolic response (normalization of baseline abnormalities) indicates a substantially better prognosis than lack thereof, it should not be assumed that this represents cure as demonstrated by this case where an interim CMR was clearly followed by local relapse in the mediastinum. Of note, interim CT showed only a partial response whereas the recurrent disease detected by post-treatment PET was not apparent on CT at that time with the patient being classified as having had a complete response.
included HL patients in order to gain enough statistical power. Interim response assessments were made after differing numbers of cycles of chemotherapy of different types and using PET technology of varying quality. Kostakoglu and colleagues showed that response assessment after only one cycle could have profound prognostic significance, but these data were based on use of a scanner gamma camera operating in coincidence mode [55] . The spatial and contrast resolution of such scanners is far inferior to modern PET/CT scanners. Consequently, a coincidence scanner may be more likely to show a CMR in a given patient than a modern dedicated PET machine. Nevertheless, despite the diversity of trial designs used in these early studies, they supported the case for early response assessment and showed that larger scale prospective trials with welldefined cohorts of patients with similar types of lymphoma and therapies would be worthwhile. Results of the first of these larger more uniform trials are now becoming available.
Large studies of PET in early response assessment of high grade NHL
Haioun and colleagues from Paris [56] reported their experience of early interim PET in 90 patients with aggressive lymphoma, 94% of whom had DLBCL. The treatment delivered in the study was determined by patient age and IPI score. In 37 patients the IPI score was low and in 53 it was high. Patients aged over 60 received R-CHOP and those aged 60 or less received the more intensive ACVBP or ACE, or R-ACVBP. Thirty-six patients, who attained at least a conventionally determined PR and with age-adjusted IPI of 23, proceeded directly to high-dose therapy and autologous peripheral blood stem-cell transplantation. A prospectively defined PET scoring system was used in the study. All foci were scored separately for extent and intensity: 1, low; 2, moderate; or 3, high. A CR was defined as no increased uptake in any lesion, or grade 1 intensity and extent in a single lesion (equivalent to a CMR or MRU by previously described criteria). A non-CR was defined as one residual site (with an extent score of 1) associated with an intensity score of 2, or as 2 or more residual sites with any extent and intensity scores.
The authors found that early PET was negative in 54 patients and positive in 36 patients. After completion of induction therapy, 83% of PET-negative patients achieved a conventional CR compared to only 58% of PET-positive patients. Actuarial 2 years event-free survival was 82% for PET-negative and 43% for PET-positive patients respectively (P50.001). The 2-year overall survival was 90% and 61%, respectively (P ¼ 0.006). The prognostic significance of early PET response was independent of IPI and identified patients at higher risk of treatment failure. Both early and late PET responses correlated well with event-free survival and overall survival.
Mikhaeel and colleagues from Guy's and St. Thomas' Hospital, London, reported a study in high-grade NHL in which all 121 eligible patients had a baseline PET and a further PET after 23 cycles [33] . Conventional imaging response to treatment was not analyzed. The IPI score was not given but more than 50% had stage I or II disease. Histology was as follows: DLBCL 52%, mediastinal BCL 10%, high-grade B-cell lymphoma not otherwise specified 17% and T-cell lymphoma 10.7%. Treatment was with CHOP or CHOP-R in 74% of cases and consolidative RT was given in 39%. PET scans were scored visually as negative, minimal residual uptake (MRU, as described above) or positive. After 23 cycles of chemotherapy, 50 PET scans were negative, 19 showed MRU and 52 were scored as positive. Actuarial 5-year progression-free survival was 88.8% for PET negative, 59.3% for MRU and 16.2% for PET positive patients. Interim PET results were significantly correlated with both progression-free survival (P50.0001) and overall survival (P50.01). Early interim PET response was independent of B symptoms, age, stage, the presence of extranodal disease, and bulk. It was also the strongest single prognostic factor. One particularly interesting finding was that patients with MRU and stage IIIIV disease had a similar poor prognosis to those who had positive interim PET scans but MRU patients with stage III disease had a good prognosis, similar to those with negative interim PET scans. This difference could be explained by the fact that most stage III patients received consolidative RT to known sites of lymphoma and RT may have eradicated residual localized chemotherapy-resistant disease.
Results of studies of PET in early response assessment in Hodgkin lymphoma
Hutchings and colleagues from Denmark investigated the prognostic significance of early PET response assessment in 77 patients with HL after two cycles of chemotherapy (principally ABVD) [57] . After two cycles, 61 patients had negative PET scans and 16 patients had positive scans. By the time of last follow-up, 11 of 16 FDG-PET-positive patients had progressed and two had died. Only three of 61 FDG-PET-negative patients progressed and all were alive. Early FDG-PET was very strongly correlated with progression-free survival (P50.0001) and overall survival (P50.01). For prediction of progression-free survival, early interim PET was as accurate after two cycles as was PET performed after four cycles, or at the end of treatment, and it was superior to CT assessment at all times. The authors found that both a SUV max based response assessment and a visual assessment had prognostic significance. Receiver operating characteristics tables showed that a cut-off SUV max of 4 gave the optimum balancing point between sensitivity and specificity for prediction of progression. Nevertheless, the visual reading of PET response after two cycles gave more useful prognostic information (HR 43.82, P50.0001) than the corresponding SUV measurement (HR 1.131, P ¼ 0.001).
In a separate study, Hutchings, this time with colleagues from Guy's and St. Thomas' Hospital, London, investigated early PET response in 85 patients with HL [58] . After two or three cycles of chemotherapy, 63 patients had negative FDG-PET scans, nine patients had MRU as defined above and 13 patients had positive scans. Three PET-negative (CMR) patients and one patient from the MRU group relapsed. In the PETpositive group, nine patients progressed and two died. Survival analyses showed highly significant associations between early interim PET and progression-free survival (P50.0001) and overall survival (P50.03). All advanced-stage patients with positive interim FDG-PET relapsed within 2 years. The authors concluded that an early interim PET scan is an accurate and independent predictor of progression-free survival and overall survival in HL and that a positive interim FDG-PET is highly predictive of relapse in advanced-stage disease.
Gallamini and colleagues from Cuneo, Italy, have more recently reported the results of a study of 108 patients with newly diagnosed HL who had stage IIA with adverse prognostic factors, or stage IIBIVB, and were re-staged with FDG-PET after two cycles of ABVD chemotherapy [57] . Eighty-eight patients attained CR by conventional imaging while 20 showed disease progression during therapy or within 6 months after having reached CR; one patient relapsed. Interim PET was positive in 20 patients of whom 17 progressed during therapy, one relapsed and two remained in CR. By contrast, 85/88 (97%) patients with a negative PET-2 remained in CR; three progressed or relapsed early after the end of chemotherapy. Thus, the positive predictive value of a PET-2 for relapse was 90% and the negative predictive value was 97%. The sensitivity, specificity and overall accuracy of PET-2 were 86%, 98% and 95%, respectively. The 2-year probability of failure-free survival for PET-2 negative and for PET-2 positive patients was 96% and 6%, respectively (log rank test ¼ 116.7, P50.01). It is important to note that, in this study, the early PET result did not influence therapy.
Discussion
The two recently published studies on early PET response in higher grade NHL from Paris and London and the three studies on early PET in HL, from the UK, Denmark and Italy, show striking similarities. All of these studies indicate that FDG-PET scanning after 23 cycles of chemotherapy provides valuable prognostic information at a time when changes could be made in the patient's first-line treatment protocol. This information appears to be as reliable, or more reliable than definitive response assessment at the end of therapy. A positive PET scan after 23 cycles of chemotherapy is a powerful negative prognostic factor in aggressive NHL and in HL and predicts for worse progression-free survival and overall survival in patients treated on current protocols. Clinical trials may be justified for such patients to investigate the effects of early intensification of therapy in an effort to improve their relatively poor outcomes with current treatment strategies. Such a trial has recently been initiated by the Australasian Leukaemia and Lymphoma Group (ALLG). On the other hand, it is not possible to say with confidence that a negative PET scan after 23 cycles of chemotherapy can be used to identify patients who have such a good prognosis that they could safely be given a less intensive form of treatment whilst maintaining their excellent prognosis. It is possible that this kind of information could eventually be derived from the results of future randomized studies of PET scanning performed very early in the treatment course. For example, these could involve PET response assessment after a single cycle of chemotherapy or even within a few days of commencing chemotherapy with patients then allocated to standard or less-aggressive treatment based on metabolic response. Further welldesigned clinical trials will be required to investigate this possibility and any routine application of less intensive therapy in responsive patients must first be validated in well-designed randomized trials. The optimum time for early interim response requires investigation and could potentially vary between different histological types of lymphoma and with different treatment schedules. In some patients with localized disease, treatment with RT may overcome the negative prognostic effect of an incomplete PET response.
The best method for assessment of early PET response remains unclear. However, qualitative visual methods, for which the greatest weight of evidence exists, appear to be robust and highly predictive of outcomes. It is uncertain if a simple division into CMR or not CMR is the best qualitative approach or if the addition of the additional category of MRU enhances the value of PET. The results of the Guy's and St. Thomas' Hospital group suggest that this latter category may have independent prognostic value. Our own schema, which includes a category with progressive metabolic disease, may help to flag those unfortunate patients with primary refractory disease who have an especially poor prognosis and who generally cannot be cured without high dose chemotherapy and stem-cell transplantation. There is limited evidence for the utility of SUV-based response assessment methodology in lymphoma, although it has clear value in malignancies that are less sensitive to chemotherapy, such as epithelial solid tumours. In the Danish HL study, visual response assessment was clearly better than SUVbased measurement when the two were compared. It is possible that integration of PET and structural imaging data might provide more information than PET alone but this approach may only be useful at the end of therapy when tumour masses have had enough time to shrink. Juweid and colleagues [59] have reported that a response classification, at the end of therapy, based on integration of FDG PET into the International Workshop Criteria (IWC) provides a more accurate response assessment than IWC alone in patients with NHL. The optimum method for combining PET and structural imaging information into an intuitive and simple response classification has, in the view of the authors of this review, not yet been attained. In the meantime, it will be important in clinical trials to identify whether clinical stage was defined using conventional techniques or involved a baseline PET scan and to also identify whether response rates were based on PET, IWC criteria or a combination of both. Since PET tends to be more sensitive than CT, its use will tend to suggest more advanced disease in PET-staged cohorts than those staged conventionally ( Fig. 1 ) but will also tend to decrease the apparent time to progression in patients followed by PET in whom cure is not achieved (Fig. 3) . Balanced against this, apparent response rates are likely to be superior compared to CT-assessment ( Figs. 2 and 3 ).
Conclusion
There is now powerful evidence that early interim response assessment with FDG-PET provides invaluable prognostic information in patients with histologically aggressive NHL and HL treated with induction chemotherapy. Further clinical trials are needed to define the best way to use this important new prognostic factor in designing true response-adapted therapies. On the basis of existing evidence we recommend that patients with positive interim PET scans after 23 cycles of therapy should be considered for more aggressive treatment while CMR patients should continue with standard treatment at this time.
